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1
LIGHT EXPOSURE METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

This 1nvention relates to a light exposure method for
ultra-fine processing in the field of a semiconductor.

2. Description of Related Art

In, for example, the field of a semiconductor, establish-
ment of a new processing technique providing for ultra-fine
processing to a size not larger than 0.1 um 1s incumbent with
the tendency towards high integration semiconductor
devices.

In processing an ultra-fine pattern, the so-called litho-
ographic technique 1s indispensable. At present, development
of a new light exposure technique employing an extreme
ultraviolet (EUV) rays in the vicinity of the wavelength of
7/ to 16 nm, 1n addition to the ultraviolet rays by a conven-
tional mercury lamp or excimer laser, 1s going on briskly 1n
order to 1mprove optical resolution to cope with shorter
wavelengths used for light exposure to achieve the ultra-fine
processing.

However, the wavelength range of the extreme ultraviolet
(EUV) suffers a problem that, with the wavelength range of
the ultraviolet (EUV), usual resist materials undergo signifi-
cant optical absorption, such that the 1lluminated light can-
not reach the deeper portion in the resist layer to deteriorate
the resist pattern.

This deterioration 1n the resist pattern hampers ultra-fine
processing and, hence, it 1s desirable to 1improve the ultra-
fine processing.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
climinate the aforementioned problem and to provide a light
exposure method in which the problem pertinent to light
transmittance of a resist layer in the wavelength range of the
extreme ultraviolet (EUV) may be eliminated to enable more
claborate ultra-fine processing.

According to the present invention, there 1s provided a
light-exposure method 1n which a resist layer 1s exposed
selectively to X-rays, vacuum ultraviolet rays, extreme
ultraviolet rays or soft X-rays to pattern the resist layer to a
pre-set shape, wherein, as a high molecular material of the
resist layer, a high molecular material 1s obtained on replac-
ing at least a portion of hydrogen atoms of a pre-existing
resist material by a substituent containing an alkyl group
and/or a substituent containing an aromatic ring.

The resist material herein means the totality of resist
materials known prior to filing of the present application.

Usually, in the high molecular materials constituting the
resist layer, the presence of oxygen atoms 1s mndispensable
for displaying resist characteristics. In high molecular
materials, the portions subjected to a certain chemical reac-
tion due to light 1lluminated thereon to produce changes in
the physical values of the illuminated and non-i1lluminated
portions to demonstrate resist characteristics are groups
necessarily containing oxygen, such as ester, phenolic, alco-
holic or carboxylic groups.
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In the wavelength range of the extreme ultraviolet (EUV)
light, optical absorption of oxygen 1s larger than that of
carbon or hydrogen, and 1s responsible for lowering of the
light transmittance of the high molecular materials. The
optical absorption per oxygen atom 1s as large as approxi-
mately thrice that of carbon atoms, and approximately 50 to
100 times that of the hydrogen atoms.

According to the present invention, in which hydrogen
atoms 1n the pre-existing resist material are replaced by
substituents containing alkyl groups or substituents contain-
ing aromatic rings, the proportion of oxygen atoms in the
atoms making up the high molecular materials 1s relatively
small to suppress the optical absorption of the high molecu-
lar material 1n 1ts entirety.

According to the present invention, 1n which a high
molecular materials having an alkyl group or an aromatic
ring 1ntroduced therein to raise the light transmittance in the
wavelength range of the extreme ultraviolet rays 1s used as
a resist material, a resist pattern of a desirable shape may be
produced to enable ultra-fine processing more elaborate than
1s possible with the conventional method.

Moreover, in an extreme ultraviolet (EUV) lithographic
process, the film thickness of the resist layer can be
increased by employing a high molecular material exhibiting
high transparency, thereby improving resistance to etching
of the resist layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph 1illustrating the of line absorption
coelficients and density distribution of a variety of high
molecular materials.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, the light exposure method

according to the present mvention will be explained 1n
detail.

The light exposure method of the present invention 1s
applied to, for example, the processing of ultra-fine patterns
in a semiconductor device. Specifically, the method includes
a step of coating a resist layer exhibiting the photosensitive
action on a substrate, a step of selectively exposing and
thereby photosensitizing the resist layer to X-rays, vacuum
ultraviolet rays, extreme ultraviolet (EUV) or soft X-rays
and a step of developing the resist layer to produce a pre-set
pattern

As the X-rays for light exposure, X-rays of arbitrary
wavelengths may be used. In particular, 1f extreme ultravio-
let (soft X-rays) with a specified wavelength of 7 to 16 nm
1s used, 1t 1s possible to realize light exposure with a
resolution higher than 1s possible with the conventional
method.

As the light exposure, a reduced size projection exploiting
a reduced size projection optical system 1s used.

The high molecular material, used as the resist layer,
includes e.g., NOVOLAK brand resin, polyhydroxy styrene
resin, acrylic resin, siloxane resins containing ester or phe-
nolic groups, silsesqui oxanoic resin or polycycloolefinic
resin as a basic skeleton.

In these resins, as the basic skeleton, those portions
undergoing chemical reactions due to the 1lluminated light to
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cause changes 1n the physical values of the 1lluminated and
non-illuminated portions to manifest characteristics as a
resist Material are groups, such as ester, phenolic, alcoholic
or carboxylic groups.

The order of the optical absorption in the wavelength
range of the extreme ultraviolet (EUV) is Si>F>0>C>H for
7 nm, F>S1>0>C>H for 10 and 11 nm and F>S1>0>C>H for
13 and 16 nm. That 1s, the oxygen content 1s not favorable
insofar as optical absorption in the wavelength range of the
extreme ultraviolet (EUV) of the high molecular materials is
concerned.

So, according to the present invention, the proportion of
carbon and hydrogen atoms to oxXygen atoms 1s 1ncreased to
cifect relative thinning of the oxygen atoms 1n order to lower
the absorption 1n the wavelength range of the extreme
ultraviolet (EUV) of the high molecular material used as a
resist material to realize the relative lowering of the oxygen
atoms.

Specifically, part or all of the hydrogen atoms of the
aforementioned resist materials having the aforementioned
skeleton structure 1s replaced by an alkyl group and/or an
aromatic group.

The aforementioned alkyl group or aromatic ring may be
directly substituted for hydrogen atoms. Alternatively, the
alkyl group or the aromatic ring may be introduced by
replacing the hydrogen atoms by substituents containing
alkyl groups or the aromatic rings. Any suitable substituents
containing alkyl groups or aromatic rings may be used,
while the number of carbon atoms in the alkyl group 1s
arbitrary.

The basic structure of the high molecular materials (pre-
existing resist material) to be subjected to substitution may
already own an alkyl group(s) or an aromatic ring(s). It is
because the absorption coelfficients in the wavelength of the
extreme ultraviolet (EUV) are lowered by further replacing
part or all of the hydrogen atoms in the high molecular
material owning the alkyl group(s) or the aromatic ring(s)
from the outset by the alkyl group(s) or the aromatic ring(s).

By replacing the hydrogen atoms by the alkyl group(s) or
the aromatic ring(s), the proportion of the carbon and
hydrogen atoms may be increased to render 1t possible to
furnish a high molecular material having a low absorption
coellicient 1n the extreme ultraviolet wavelength range.

However, if the density of the resist material in its entirety
1s markedly increased by increasing the proportion of the
carbon or hydrogen atoms, the possibility 1s high that,
conversely, the absorption at the extreme ultraviolet wave-
length 1s 1ncreased.

However, our rescarches have indicated that, if part or all
of the hydrogen atoms in the high molecular material
constituting the resist layer is replaced by the alkyl group(s)
or the aromatic ring(s),the density of the entire resist mate-
rial 1s not increased to any marked extent to render it
possible to exploit the lowering of the absorption coeflicient
of the extreme ultraviolet wavelength effectively.

With the high molecular material, used in the present
invention as the resist layer, the line absorption coeflicient in
the X-ray wavelength range 1s preferably not larger than
3.80 um™". It is noted that, if the extreme ultraviolet light is
used, the X-ray wavelength range reads extreme ultraviolet
wavelength range.
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If the line absorption coefficient is 3.80u~" or less, the
transmittance of the resist layer for the film thickness of 300
nm 1s of a sufliciently high value of approximately 30% or
higher. If the line absorption coefficient exceeds 3.80u ",
with the transmittance bemng of a smaller value, there 1s a
risk that the 1lluminated light cannot reach the deeper area in
the resist layer, with the result that a resist pattern of the
desirable rectangular resist pattern cannot be produced.

EXAMPLES

The present mnvention will now be explammed with refer-
ence to specified Examples.

Theoretical Derivation of Line Absorption
Coellicients

The present inventors have theoretically derived the line
absorption coefficient of the high molecular materials at a
wavelength of 13 nm 1 accordance with the following
method.

In theoretically dertving the line absorption coetficient of
the high molecular materials at a wavelength of 13 nm, the
absorption coefficient per atom at the wavelength of 13 nm
and the density of the high molecular materials are required.

As the absorption coeflicient per atom at the wavelength
of 13 nm, the values shown 1n Atomic Data and Nuclear

Tables (Henke, B. L.; Gullikson, E. M.; Davis, J. C., 1993,
54,181) are used.

As long as PMMA (polymethyl methacrylate) is
concerned, 1t 1s known that the line absorption coefficient at
13 nm, as found from the experimental density values,
coincides with experimental values extremely satisfactorily
(see J. Vac. Sci. Technol. B (Kubiak, G, D.; Kneedler, E. M.;
Hwang, R. Q.; Schulberg, M. T.; Berger, K. W.: Bjorkholm,
J. E., Mansfield, M. W., 1992 10.2593).

In predicting the density of the high molecular materials,
the Bicerano’s theory was applied (Bicerano, J. Predictions
of Properties of Polymers from their Structures, Marcel

Dekker; New York, 1993).

This 1s a type of graph theory and represents a technique
which affords correlation of many physical properties with
the structure of a high molecular material. The error of the
density of the high molecular materials calculated by this
technique 1s known to be 2.2% on average. So, the precision
in prediction of the line absorption coeflicient at a wave-
length of 13 nm 1s also 2.2% on average.

For actual density calculations, the module Synthia “in a
software application prepared by MSI Inc., San Diego, USA,

was used. The computer used was a workstation Octane”
manufactured by DAIKIN KOGYO SHA Co. Itd.

Substitution by Alkyl Groups

Example 1

An acrylic high molecular material (compound 1) was
used as a basic high molecular material (pre-existing resist
material), and line absorption coefficients on substituting
propyl-, ethyl-, butyl- or hexyl groups for hydrogen atoms in
this pre-existing resist material were found on calculations.

Substitution by Alkyl Groups
Example 1

An acrylic high polymer material (compound 1) was used
as a basic high molecular material (pre-existing resist
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material) and line absorption coefficient on substitution of

propyl-, ethyl-, butyl- and hexyl groups for hydrogen atoms
were calculated.

The structures of the acrylic high polymer material as a

basic skeleton (compound 1), compounds 2 and 3, obtained
on substitution by propyl groups, compound 4, obtained on
substitution by an ethyl group, compounds 5 and 6, obtained
on substitution by an ethyl group for the compound 1, and
compound 7 obtained on substitution by a hexyl group, are
as shown 1n the following chemical formulas 1:

H, Me
C
\C /

(Compound 1)

(Compound 2)

4]}12 Tg(
C
\(‘: /

C
>
o o

H,C
\C3H7

(Compound 3)

Cg,H?\

H2 CHZ
C\(‘:/

(Compound 4)

(Compound 5)

(Compund 6)
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-continued

(Compound 7)
CeHpa

CH ‘
\(‘: /

C
= ~o

Me

Table 1 shows calculated results of the line absorption
coefficients (wavelength: 13 nm) of the respective com-
pounds.

TABLE 1
compounds line absorption coefficients
compound 1 4.804~ "
compound 2 3.81u7"
compound 3 3.84u !
compound 4 4.02u71
compound 5 3.58u~"
compound 6 3.66u "
compound 7 3.38u !

It will be seen from Table 1 that, by substitutin various
alkyl groups for hydrogen atoms, the line absorption coef-
ficients at the wavelength of 13 nm are decreased. In
particular, the line absorption coefficient 1s not larger than
3.80u " in case of substitution by butyl or hexyl groups.

Example 2

A polyvinylphenolic high polymer material (compound §)
was used as a basic high polymer material (pre-existing
resist material), and line absorption coefficients of com-
pounds obtained by substituting propyl groups for hydrogen
atoms at various positions of the basic high polymer material
were calculated.

The structures of a polyvinyl phenol based high polymer
material (compound &) as a basic skeleton and compounds
obtained on substitution by propyl groups (compounds 9 to
11) are shown by the following chemical formula 2:

Hy
C
\CH .

)

(Compound 8)

4
N
H"""O
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-continued
(Compound 9)

) 4
I

k

\
4

4
!

\
O

an

(Compound 10)

)\—\
O L
/H
=

Y

\}
—( -

4

(Compound 11)

O

Table 2 shows calculated results of the line absorption
coefficients (wavelength: 13 nm) of the respective com-
pounds.

TABLE 2
Compounds line absorption coefficient
Compound 8 3.80u "
Compound 9 3.23u71
Compound 10 3.23u"
Compound 11 3.25u"

As may be seen from Table 2, the line absorption coef-
ficient at the wavelength of 13 nm 1s lowered on substituting
propyl groups for hydrogen atoms.

Example 3

A siloxane based high polymer material (compound 12)
was used as a basic high polymer material, and 1ts hydrogen
atom was replaced by a propyl group to give a compound 13
and by an aminopropyl group to give a compound 14. The
structures of the respective compounds are shown by the
following chemical formulas 12 to 14:
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(Compound 12)

(Compound 13)

(Compound 14)
NH2

C3H6

CH2

Table 3 shows calculated results of the line absorption
coefficients (wavelength: 13 nm) of the respective com-

pounds.
TABLE 3
Compounds line absorption coetlicient
Compound 12 3.86u""
Compound 13 3.47u"
Compound 14 3.70u"

As may be seen from Table 3, the line absorption coel-

ficient at the wavelength of 13 nm 1s lowered on substituting

propyl and aminopropyl groups for hydrogen atoms.

Substitution by Aromatic Rings

Example 4

An acrylic high polymer material (compound 15) was
used as a basic high polymer material (pre-existing resist
material) and its hydrogen atom was replaced by a phenyl
oroup and a naphthalene group to find the line absorption

coellicients of the resulting compounds on calculations.

The structures of the acrylic high polymer material as a
basic skeleton (compound 15), a compound 16 obtained on
substitution by the phenyl group and a compound 17
obtained on substitution by a naphthalene group are as
shown by the following chemical formulas (15) to (17):
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(Compound 15)

‘ 1n
C
O/;} \T
Me
(Compound 16)
4}12 h‘&e
C
\(‘: /
C
O’;} \?
H,C
(Compound 17)
41{2 Te
C
\(‘: ﬂ
C
O’/} \(i)
HaC\_ N
/

Table 4 shows calculated results of the line absorption

coefficients (wavelength: 13 nm) of the respective com-

pounds.
TABLE 4
Compounds line absorption coefficient
Compound 15 4.807"
Compound 16 4.0671
Compound 17 3.9671

It will be seen from table 4 that, by substituting phenyl

and naph
tion coe:

decreased.

halene groups for hydrogen atoms, the line absorp-
ficients at the wavelength of 13 nm may be

Example 5

A polyvinylphenolic high polymer material (compound
18) was used as a basic high polymer material (pre-existing

resist material) and line absorption coefficients of com-
pounds obtained on substituting phenyl, naphthalene and
methylphenyl groups for hydrogen atoms were calculated.

The structures of a polyvinyl phenol based high polymer
material (compound 18) as a basic skeleton and a compound
19 obtained on substitution by a phenyl group, a compound
20 obtained on substitution by a naphthalene group and a
compound 21 obtained on substitution by a methylphenyl
group, are as shown by the following chemical formulas 18

to 21:
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(Compound 18)

(Compound 19)

TC
SN,

99e
NN X

H/O \/

Kap
C

cn /
)\‘
Y
H#/O

(Compound 20)

(Compound (21)

Table 5 shows calculated results of the line absorption
coefficients (wavelength: 13 nm) of the respective com-
pounds.

TABLE 5
Compounds line absorption coetlicient
Compound 18 3.80u 7"
Compound 19 3.49u7"
Compound 20 3.50u""
Compound 21 3.35u7"

As may be seen from Table 5, the line absorption coel-
ficient at the wavelength of 13 nm 1s lowered on substituting
propyl groups for hydrogen atoms.

Example 6

A siloxane based high polymer material (compound 22)
was used as a basic high polymer material (pre-existing
resist material) and its hydrogen atom was replaced by a
phenyl group or a naphthalene group to give compounds 23,
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24, respectively, and the line absorption coefficients of these
compounds were calculated.

The structures of the siloxane-based high polymer mate-
rial (compound 22) as a basic structure, a compound
obtained on substituting a phenyl group (compound 23) and
a compound obtained on substituting a naphthalene group
(compound 24) are as shown by the following chemical

formulas (22) to (24):

(Compund 22)
ITIE Me
O O
\Ti/ \Si A
Me C
N (‘)
Me
(Compound 23)
= ‘
A
CH2 Me
Me C
O/;} \T
Me
(Compound 24)

2
O
\Si/ \S ;l
\

Me

Table 6 shows calculated results of the line absorption
coefficients (wavelength: 13 nm) of the respective com-
pounds.

TABLE ©
Compounds line absorption coefficient
Compound 22 3.86u"
Compound 23 3.67u "
Compound 24 3.65u7"

It will be seen from table 4 that, by substituting phenyl
and naphthalene groups for hydrogen atoms, the line absorp-
tion coeflicients at the wavelength of 13 nm may be
decreased.

Example 7

For a high polymer material composed of usual carbon,
hydrogen and oxygen (and occasionally nitrogen), a high
polymer material containing fluorine atoms, a high polymer
material containing silicon (81), and a high polymer material
containing an aromatic ring, the distribution of the line

absorption coeflicient and the density was mapped. The
results are shown in FIG. 1.
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With a high polymer material into which silicon (S1) with
a low line absorption coefficient 1s introduced, the line
absorption coelflicient 1s decreased only slightly as compared
to a usual high polymer material. However, with a high
polymer material mnto which an aromatic ring has been
itroduced, the line absorption coeflicient 1s lowered to a
larger extent.

Of course, with a high polymer material into which
fluorine atoms with a larger line absorption coeflicient are
introduced, the line absorption coetficient 1s larger than in
the usual high polymer material.

Thus, it may be seen that, with any high polymer material,
the line absorption coeflicient at the wavelength of 13 nm 1s
lowered by substituting an alkyl group or an aromatic ring,
such as phenyl or naphthalene groups, for a hydrogen atom
of the high polymer material. That 1s, with substitution by

alkyl groups or aromatic rings, it 1s possible to realize a
material superior 1n transparency for use as a resist material.

In the foregoing description, an acrylic high molecular
material, a polyvinyl phenolic high molecular material and
a siloxane-based high molecular material are used as 1llus-
trative of the high molecular materials. These compounds
are, however, merely 1llustrative such that any other suitable
materials, such as other vinyl-based high molecular
materials, polyimide based high molecular materials or the
fluorine-based high molecular materials may also be used.

The substituents are also not limited to those shown 1n the
examples since any suitable alkyl groups, such as methyl,
pentyl or hexyl substituents, may also be used. Similarly,
any suitable aromatic rings may be used as substituents, such
as phenyl, naphthalene, anthracene, biphenyl or triphenyl
substituents, may be used as aromatic ring substituents.

What 1s claimed 1s:

1. A light exposure method 1n which a resist layer 1s
exposed selectively to X-rays, vacuum ultraviolet rays,
extreme ultraviolet rays or soft X-rays to pattern the resist
layer to a pre-set shape;

wheremn as a polymeric material of the resist layer, said

polymeric material 1s obtained by:

replacing at least a portion of hydrogen atoms of an
acrylic polymeric material by a substituent contain-
ing a propyl group, an ethyl group, a butyl group
and/or a hexyl group, or

replacing at least a portion of hydrogen atoms of a
polyvinylphenolic polymeric material by a substitu-
ent containing a propyl group, or

replacing at least a portion of hydrogen atoms of a
siloxane polymeric material by a substituent contain-
ing a propyl group and/or an aminopropyl group, or

replacing at least a portion of hydrogen atoms of an
acrylic polymeric material by a substituent contain-
ing a phenyl group and/or a naphthalene group, or

replacing at least a portion of hydrogen atoms of a
polyvinylphenolic polymeric material by a substitu-
ent containing a phenyl group, a naphthalene group
and/or a methylphenyl group, or

replacing at least a portion of hydrogen atoms of a
siloxane polymeric material by a substituent contain-

ing a phenyl group and/or a naphthalene group, and

wherein the line absorption coefficient in an X-ray wave-
length range of the polymeric material constituting said

resist layer is 3.80u~" or less.
2. The light exposure method according to claim 1

wherein ultraviolet ray wavelength range 1s used instead of
said X-ray wavelength range.
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3. The light exposure method according to claim 2
wherein the wavelength of said ultraviolet rays 1s 7 to 16 nm.

4. The light exposure method according to claim 1
wherein said light exposure 1s by size-reducing projection
employing a size-reducing projection optical system.

5. A light exposure method, comprising the steps of:

providing a resist material of polymeric material having

hydrogen atoms wherein:

at least a portion of said hydrogen atoms of an acrylic
polymeric material are replaced with a substituent
containing a propyl group, an ethyl group, a butyl
ogroup and/or a hexyl group, or

at least a portion of hydrogen atoms of a polyvinylphe-
nolic polymeric material are replaced with a sub-
stituent containing a propyl group, or

at least a portion of hydrogen atoms of a siloxane
polymeric material are replaced with a substituent
containing a propyl group and/or an aminopropyl
group, Or

at least a portion of hydrogen atoms of an acrylic
polymeric material are replaced with a substituent
containing a phenyl group and/or a naphthalene
group, Or

at least a portion of hydrogen atoms of a polyvinylphe-
nolic polymeric material are replaced with a sub-
stituent containing a phenyl group, a naphthalene
ogroup and/or a methylphenyl group, or

at least a portion of hydrogen atoms of a siloxane
polymeric material are replaced with a substituent
containing a phenyl group and/or a naphthalene

group,

said hydrogen atoms being replaced to provide a line
absorption coeflicient 1n an X-ray wavelength range of
the polymeric material constituting said resist material
of 3.80u~" or less; and

exposing said resist material selectively to X-rays,
vacuum ultraviolet rays, extreme ultraviolet rays or soft
X-rays to pattern the resist layer to a pre-set shape.
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6. The light exposure method according to claim 5,
wherein the wavelength of said ultraviolet raysis 7 to 16 nm.

7. A light exposure method for a resist layer made from a
polymeric material having hydrogen atoms, comprising the
steps of:

replacing at least a portion of said hydrogen atoms of said
polymeric materital with a substituent containing a
propyl group, an ethyl group, a butyl group and/or a
hexyl group, or

replacing at least a portion of hydrogen atoms of a
polyvinylphenolic polymeric material by a substituent
containing a propyl group, or

replacing at least a portion of hydrogen atoms of a

siloxane polymeric material by a substituent containing,
a propyl group and/or an aminopropyl group, or

replacing at least a portion of hydrogen atoms of an
acrylic polymeric material by a substituent containing,
a phenyl group and/or a naphthalene group, or

replacing at least a portion of hydrogen atoms of a
polyvinylphenolic polymeric material by a substituent
containing a phenyl group, a naphthalene group and/or
a methylphenyl group, or

replacing at least a portion of hydrogen atoms of a
siloxane polymeric material by a substituent containing
a phenyl group and/or a naphthalene group,

said hydrogen atoms being replaced to provide a line
absorption coelflicient in an X-ray wavelength range of
the polymeric material constituting said resist material
of 3.80u~" or less; and

exposing said resist layer selectively to X-rays, vacuum
ultraviolet rays, extreme ultraviolet rays or soft X-rays
to pattern the resist layer to a pre-set shape.

8. The light exposure method according to claim 7,

wherein the wavelength of said ultraviolet raysis 7 to 16 nm.
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